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ABSTRACT 


Wave  contour  and  confidence  doaaln  approaches  to  bounding 
the  wave  environment,  though  similar  In  concept,  are  shown  to 
produce  widely  differing  resultB  for  similar  conditions.  A 
comparative  analysis  Is  performed  to  Identify  the  causes  for 
these  differences.  It  Is  found  that  the  calibration  equations 
used  to  convert  visually  observed  wave  characteristics  to  wave 
statistics  lu  the  confidence  domain  approach  are  of  questionable 
validity,  and  that  the  methodology  used  to  define  wave  contours 
is  deficient.  A  revised  approach  to  bounding  the  wave  environ¬ 
ment  Is  delineated  and  Implemented  for  two  cases. 

ADMINISTRATIVE  INFORMATION 

The  work  described  herein  was  funded  by  the  Conventional  Ship  Seakeep¬ 
ing  Research  and  Development  Program  under  Project  Number  62543  and  Block 
Number  SF  43  421  202.  The  work  was  performed  at  the  David  W.  Taylor  Naval 
Ship  Research  and  Development  Center.  There  It  was  identified  by  Segment 
20  of  Work  Unit  Number  1-1504-100. 

INTRODUCTION 

During  the  spring  of  1975,  the  present  author  was  Involved  In  a 
project  intended  to  establish  freeboard  requirements  for  a  surface  com¬ 
batant  then  being  designed.  Preliminary  results  Indicated  that  the 
freeboards  required  to  insure  an  acceptably-dry  foredeck  continued  to 
increase  slowly  with  Increases  in  modal  wave  period.  Hence,  It  was 
necessary  to  bound  the  wave  environment  considered  in  order  to  obtain 
an  unequivocal  solution  to  the  required  freeboard  problem. 


The  approach  to  this  problem  which  evolved  V's  to  derive  a  "wave 
contour"  which  encompassed  some  specified,  high  percentage  of  the  wave 
height  and  wave  period  combinations  expected  to  occur  in  the  ocean  area 
and  season  of  primary  concern  for  the  ship  under  consideration.  By 
neglecting  wave  conditions  outside  the  contour,  a  unique  solution  to 
the  required  freeboard  problem  could  be  obtained.  In  addition,  wave 
contours  proved  to  be  of  value  In  comparing  the  severities  of  differ¬ 
ent  operational  areas  and  in  general  assessments  of  aeakeeplng 
performance. 


1 


The  contour  approach  to  bounding  tha  wave  environment  was  refined 
In  the  course  of  subsequent  work,  and  was  made  generally  available  as 
part  of  a  paper  on  establishing  minimum  freaboard  requirements  which 
the  present  author  gave  during  the  spring  of  1979:  Reference  1.*  In 
Reference  1,  wave  contours  were  presented  in  the  form  of  closed  curves 
In  coordinates  of  significant  wave  height  versus  modal  wave  period. 

Each  such  contour  was  said  to  bound  a  specif lad  percentage  of  the  wave 
height  and  wave  period  combinations  expected  to  occur  in  a  given  ocean 
area  and  during  a  given  season. 

In  Reference  2,  Ochl  described  a  "confidence  domain"  approach  to 
characterising  the  wave  environment.  His  confidence  domains,  like  the 
wave  contours  used  by  the  present  author  in  Reference  1,  took  the  form 
of  closed  curves  In  wave  height-wave  period  coordinates.  The  confidence 
domains  were,  again  like  the  wave  contours,  said  to  bound  a  specified  per¬ 
centage  of  the  wave  height  and  wave  period  combinations  expected  to  occur 
In  a  given  area  and  during  a  given  s  son. 

In  view  of  their  conceptual  similarities,  one  might  reasonalbly  anti¬ 
cipate  that  a  wave  contour  and  a  confidence  domain  applicable  to  similar 
ocean  areas,  seasons,  and  probability  levels  would  be  very  much  alike. 
Figure  I  shows  that  such  Is  not  the  case.  Tills  figure  compares  a  wave 
contour  used  in  Reference  1  with  a  confidence  domain  from  Reference  2. 

The  area  and  season  conditions  for  the  two  curves  are  not  Identical, 
but  those  differences  appear  Inadequate  to  explain  the  differences  In 
the  final  results. 

It  is  thought  that  differences  In  wave  environment  bounds  on  the 
order  of  those  exhibited  by  Figure  1  could  lead  to  different  design  de¬ 
cisions.  For  Instance,  It  appears  that  a  large  ship  or  a  vessel  designed 
to  have  long  natural  periods  of  motion  (such  as  a  SWATH)  would  be  found 
to  experience  considerably  more  performance  degradation  within  the  bound¬ 
aries  of  the  Figure  1  confidence  domain  than  within  those  of  the  nominally 

*A  Complete  listing  of  references  Is  given  on  page  13. 
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comparable  wave  contour  shown  in  the  same  figure.  In  view  of  the  potential 
Impact  of  the  differences  between  the  wave  contour  and  confidence  domain 
approaches  to  bounding  the  wave  environment  on  design  decisions,  it  was 
decided  to  explore  the  reasons  for  these  differences.  The  results  of  this 
exploration  are  reported  hereinafter. 

COMPARATIVE  ANALYSIS 

The  wave  contour  in  Figure  1  was  derived  from  visually-observed  wave 
data  presented  by  Hogben  and  Lumb  in  Reference  3.  These  data  were  compiled 
from  weather  reports  submitted  by  ships  of  opportunity.  Hogben  and  Lumb 
provide  a  global  data  base,  but  it  is  biased  to  British  merchant  ship 
routes.  The  North  Atlantic  is  extensively  covered. 

The  methodology  used  to  construct  wave  contours  is  described  in 
detail  by  the  present  author  in  Reference  4.  In  principle,  a  plane  de¬ 
fined  by  an  assigned  value  of  the  Joint  probability  density  function  of 
wave  height  and  wave  period  is  passed  through  the  unit  volume  bounded  by 
that  function.  The  plane  divides  the  volume  into  two  parts:  say  P  above 
the  plane;  and  hence,  1-P  below  the  plane.  Then  the  contour  along  which 
the  plane  Intersects  the  sur'see  of  the  Joint  probability  density  func¬ 
tion  Is  said  to  bound  100  P  percent  of  the  wave  height  and  wave  period 
combinations.  Observed  wave  heights  and  periods  are  converted  to 
significant  wave  heights  and  modal  wave  periods  using  the  calibration 
equations  derived  by  Nordenstrom  In  Reference  5. 

M 

Nordenstrom  calibration  equations  are  regression  functions  derived 
from  a  correlation  analysis  of  observed  and  measured  wave  data.  The 
observed  and  measured  values  of  each  wave  characteristic  (height  and 
period)  are  assumed  to  be  governed  by  the  bivariate,  log-normal  distribu¬ 
tion.  The  particular  data  set  used  consists  of  weather  ship  observations 
and  ship-borne  wavemeter  measurements  applicable  to  Ocean  Weather  Stations 
A,  1,  J,  and  K.  (See  Figure  2  for  the  locations  of  these  Stations.)  The 
measured  data  is  treated  in  the  form  of  power  spectral  density  estimates 
of  average  zero  crossing  period  and  significant  wave  height.  These  esti¬ 
mates  are  taken  from  the  results  given  by  Moskowltz,  et  al.,  in  Reference 


An  empirical  relationship  between  average  zero  crossing  period  and 
modal  wave  period  Is  derived  by  Nordenstron.  the  course  of  his  Reference 
5  work  on  calibrations.  The  present  author,  however,  used  the  theoretical 
relationship  between  the  two  parameters  for  his  application  of  Nordenstrom's 
results.  The  theoretical  relationship  assumes  a  narrow  spectrum,  and  leads 
to  values  of  modal  wave  period  eight  percent  lower  than  the  Nordenstrom 
relationship. 

The  confidence  domain  in  Figure  1  was  derived  from  visually  observed 
wave  data  presented  by  Walden  In  Reference  7.  The  Walden  data  Is  compiled 
from  observations  made  aboard  weather  ships  in  the  North  Atlantic.  Walden's 
data  applies  to  Ocean  Weather  Stations  A,  B,  C,  0,  E,  I,  J,  K,  and  M. 

(Figure  2  shows  the  locations  of  these  Stations.)  Ochl  did  not  consider 
Stations  E  and  M  In  deriving  the  mean  North  Atlantic  confidence  domain 
which  is  reproduced  in  Figure  1.  However,  he  did  derive  a  95  percent 
confidence  domain  for  each  of  the  Stations  considered  by  Walden. 

Ochl  employed  sophisticated  statistical  and  mathematical  methods  to 
derive  his  confidence  domains.  The  Joint  distribution  of  wave  height  and 
wave  period  is  taken  to  be  log-normal,  and  is  transformed  into  polar 
coordinates  with  their  origin  at  the  most  probable  combination  of  wave 
height  and  wave  period.  Integrations  are  performed  radially  outward  from 
this  origin  to  define  a  set  of  wave  height  and  wave  period  combinations 
for  which  the  integrals  equal  a  specified  probability,  say  P.  A  curve 
faired  through  the  set  of  points  so-defined  is  the  confidence  domain  which 
bounds  100  P  percent  of  the  wave  height  and  wave  period  comblnat ions . 

Ochl  converts  from  visually-observed  wave  height  and  wave  period  to 
significant  wave  height  and  average  zero  crossing  period  using  calibration 
equations  which  he  derives  in  Reference  2.  He  first  shows  that  the  measured 
and  observed  parameters  are  individually  log-normal.  Then  the  measured 
and  observed  distributions  for  each  pair  of  parameters  are  equated  to 
obtain  calibration  equations  which  make  the  two  distributions  identical. 
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The  data  which  Ochi  uses  for  calibration  are  applicable  to  Stations  I  and 
J  as  shown  In  Figure  2.  The  observations  are  those  reported  by  Walden. 

The  measurements  for  Station  I  are  given  by  Draper  and  Squire  in  Reference 
8  while  those  for  Station  J  are  from  Draper  and  Whitaker  in  Reference  9. 
The  Draper,  et  al.,  data  were  measured  using  ship-borne  wavementers  and 
reduced  by  counting  zero  crossing  periods  and  measuring  wave  heights  to 
obtain  a  significant  value  thereof.  Ochi  converted  from  average  zero 
crossing  period  to  modal  period  using  the  theoretical  relationship  between 
the  two  parameters. 

From  the  foregoing  descriptions,  it  is  evident  that  there  are  three 
possible  reasons  for  the  differences  between  the  wave  contour  and  the 
nominally-similar  confidence  domain  shown  in  Figure  1.  These  are: 

1.  Differences  In  the  wave  data  bases  employed, 

2.  Differences  in  the  methodologies  employed  to  construct  the 
bounding  curves,  and 

3.  Differences  in  the  calibration  equations  used  to  convert  from 
visually-observed  wave  characteristics  to  statistically-defined 
wave  characteristics. 

Each  of  these  possibilities  is  explored  in  the  following  paragraphs. 

The  effect  of  the  differences  in  calibration  equations  is  easily 
isolated.  Ochi's  Reference  2  calibrations  lead  to  generally  higher  modal 
wave  periods  than  do  those  given  by  Nordenstrom  in  Reference  5.  Signifi¬ 
cant  wave  heights  show  a  mixed  trend.  Those  based  on  the  Ochi  calibration 
are  slightly  lower  for  small  observed  heights,  but  considerably  higher  for 
large  observed  heights. 

Figure  3  illustrates  these  differences.  It  reproduces  the  results 
presented  in  Figure  1  and  adds  to  them  a  version  of  the  confidence  domain 
curve  which  has  been  transformed  to  reflect  the  Nordenstrom  calibrations 
as  given  in  Reference  5.  The  effect  of  the  differences  in  the  calibration 
curves  is  seen  to  be  important.  However,  major  differences  remain  between 
the  wave  contour  and  the  confidence  domain  as  transformed. 


5 


In  Reference  2,  Ochi  tabulates  measured  wave  data  from  Draper  and 
Squire  (Reference  8),  and  computes  confidence  domains  for  this  data.  By 
computing  a  wave  contour  from  the  cited  tabulation  and  comparing  it  to  a 
given  confidence  domain  applicable  to  the  same  probability  level,  the 
effect  of  differences  in  methodology  can  be  isolated.  The  results  of  such 
an  exercise  are  presented  in  Figure  4.  The  effect  of  methodology  is  seen 
to  be  less  dramatic  than  that  of  calibration  as  depicted  by  Figure  3.  The 
wave  contour  and  confidence  domain  appear  that  they  could  be,  as  they  are, 
different  interpretations  of  the  same  data  base. 

The  effect  of  data  base  differences  cannot  be  isolated  in  as  defini¬ 
tive  a  manner  as  those  of  calibration  and  methodology.  The  Walden  data 
in  Reference  6,  which  Ochi  used  to  define  confidence  domains,  is  for 
specific  ocean  weather  ship  locations.  The  Hogben  and  Lumb  data  in 
Reference  3,  which  the  present  author  used  to  define  wave  contours,  applies 
to  various  ocean  areas  which  typically  measure  10  degrees  of  latitude 
by  30  of  longitude.  Hence,  no  exact  identities  exist  between  the  two  data 
bases  of  primar-  interest.  It  can  be  pointed  out  that  the  Hogben  and  Lumb 
data  is  subject  to  a  fair  weather  bias  not  present  in  the  Walden  data.  So, 
if  "spatially  equivalent"  data  from  the  two  sources  existed,  one  might 
reasonably  expect  that  a  bounding  curve  derived  from  the  Hogben  and  Lumb 
data  would  encompass  fewer  steep  and/or  high  waves  than  one  from  the  Walden 
data. 


Some  quantitative  information  can  be  gleaned  by  considering  a 
secondary  data  base.  The  measured  wave  data  from  Draper  and  Squire  which 
was  introduced  earlier  in  the  context  of  methodology  differences  is 
applicable  to  Station  I.  In  addition  to  deriving  confidence  domains  from 
this  data,  Ochi  derives  a  confidence  domain  from  the  Walden  data  for 
Station  I.  Comparing  these  two  results  shows  that  the  differences  in¬ 
volved  are  rarely  more  than  one  meter  in  height  and/or  one  second  in 
period. 
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Even  if  the  differences  between  the  Hogben  and  Lumb  and  Walden  data 
bases  lead  to  bounding  curve  differences  two  or  three  times  as  large  as 
those  Just  discussed,  they  will  be  far  smaller  than  the  differences  due  to 
calibration.  Thus,  the  present  author  holds  the  opinion  that  calibration 
equation  differences  account  for  the  majority  of  the  discrepancy  found  to 
exist  between  nominally  equivalent  wave  contours  and  confidence  domains. 

The  methodologies  used  to  derive  these  bounding  curves  have  a  significant 
but  lesser  Impact  on  the  differences  between  them.  The  effect  of  data  base 
differences  is  ill-defined,  but  probably  more  on  the  order  of  those  associ¬ 
ated  with  methodology  than  of  those  associated  with  calibration. 

CRITIQUE 

The  present  author  has  one  major  reservation  as  to  the  validity  of 
Ochl’s  confidence  domain  work.  On  the  other  hand,  the  methodology 
employed  by  Ochl  to  construct  confidence  domains  is  thought  to  have  an 
Important  advantage  over  that  which  the  present  author  has  used  to  construct 
wave  contours.  Each  of  these  matters  is  described  in  detail  in  the  follow¬ 
ing  paragraphs. 

It  was  concluded  in  the  preceding  section  that  differences  in  the 
calibration  equations  used  appeared  to  be  the  major  cause  of  the  discrep¬ 
ancies  between  nominally  equivalent  wave  contours  and  confidence  domains. 

It  Is,  then,  the  differences  in  wave  period  calibration  which  play  the 
dominant  role  in  creating  the  potential  impact  of  the  differences  between 
wave  contour  and  confidence  domain  character  1 zat Ions  on  design  decisions. 
Ochl's  wave  period  calibration  is  the  present  author's  "one  major  reser¬ 
vation"  regarding  the  validity  of  his  work  on  confidence  domain. 

On  the  surface  of  it,  Ochl's  logic  in  equating  the  distributions  of 
visually  observed  and  measured  wave  parameters  to  derive  calibrations 
appears  unassailable.  However,  there  exists  some  uncertainty  as  to 

M 

whether  or  not  the  measurements  used  are  really  sea  truth.  Nordenstrom 
rejected  the  Draper  and  Squire/Draper  and  Whitaker  data  employed  by  Ochi 
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as  unsuitable  for  use  In  his  calibration  effotc  because  he  felt  that  thes** 
data  did  not  properly  reflect  the  presence  of  low-period  waves.  His 
argument  was  based  upon  the  fact  that  ship-borne  wavementers  attenuate  high 
f requency/low  period  waves;  and  that  the  effect  of  this  attenuation  can  be 
properly  accounted  for  only  if  the  data  are  spectral  analyzed  using  a 
frequency-dependent  calibration  curve. 

A  detailed  reading  of  Reference  8  (Draper  and  Squire)  tends  to  support 
•  •  . 

Sordenstrom  s  arguments.  In  their  text.  Draper  and  Squire  state  that  the 
ship-borne  wavementer  does  not  record  waves  with  periods  of  less  than  about 
5  seconds.  One  of  their  discussers,  Scott,  is  critical  of  this  matter. 

In  rebuttal  to  Scot t.  Draper  and  Squire  say  that  5  seconds  is,  in  fact, 
the  period  at  which  the  output  of  the  ship-borne  wavementer  is  attenuated 
by  half;  and  that  they  chose  not  to  use  such  data.  Their  results,  in  fact, 
show  no  average  zero  crossing  periods  less  than  6  seconds,  i.e.,  no  modal 
periods  less  than  8.5  seconds  under  the  theoretical  relationship. 

The  present  author  would  like  to  add  one  point  to  the  argument  ad- 

M 

vanced  by  Sordenstrom.  This  will  be  a  physical  rather  th*n  a  statistical 
argument.  It  is.  In  this  context,  of  Interest  to  note  how  two  decades  of 
exposure  have  increased  the  profession's  tolerance  toward  statistical 
proofs.  When  Jasper  placed  the  log-normal  hypothesis  before  the  profession 
in  1956  (see  Reference  10),  several  of  his  discussers,  among  them  Rorvin- 
Kroukovsky,  Szebehelcy,  Pierson,  Press,  and  Cumbel,  were  critical  of  the 
fact  that  he  could  provide  no  physical  rationale  for  his  successful  use 
of  the  log-normal  distribution.  When  Ochi  presented  his  Referene  2 
paper,  only  St.  Denis  came  forward  to  note  that  his  success  with  the  log¬ 
normal  distribution  was  "perhaps  fortuitous." 

Ocean  Weather  Stations  B,  C,  D,  I,  J  and  K  lie  within  the  latitude 
range  of  the  prevailing  westerlies.  Stations  A  and  E  are  near  the  limits 
of  this  range.  Station  M,  lying  east  of  Iceland,  does  not  appear  to  be 
subject  to  the  prevailing  westerlies.  In  this  context,  it  is  of  interest 
to  note  that  Ochi  excluded  Stations  E  and  M  from  1  .»  definition  of  the 
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"mean  North  Atlantic"  on  the  grounds  that  confidence  domains  constructed 
for  them  included  fewer  high  waves  than  did  those  for  the  other  Stations 
which  Walden  considered. 

In  the  latitude  range  of  the  prevailing  westerlies,  it  Is  reasonable 
to  hypothesize  that  most  seas  in  the  easterly  longitudes  will  be  growing. 

As  one  moves  west,  it  seems  that  the  proportion  of  fully-developed  and/or 
decaying  seas  should  increase.  This  hypothesis  can  be  tested  using  the 
Walden  data. 

The  Pierson-Moskowltz  relationship  for  fully-developed  seas,  Reference 
11,  can  be  transformed  to  visually-observed  wave  height  and  period 
coordinates  using  the  calibration  equations  advanced  by  Ochi  and  by 

M 

Nordenstrom.  Figure  5  illustrates  the  results  of  such  an  exercise.  This 
figure  also  shows  a  step-wise  approximation  to  the  growing  sea  area  defined 
by  each  of  the  curves.  The  steps  used  are  based  on  the  wave  height-wave 
period  cells  employed  by  Walden  tor  his  tabulations.  By  summing  the  Walden 
data  for  all  cells  within  the  growth  area  defined  for  each  curve,  we  can 
approximate  the  percentage  of  growing  seas  implied  by  each  set  of  calibra¬ 
tion  equations  considered. 

The  percentages  of  growing  seas  were  approximated  as  described  above 

for  each  Station  considered  by  Walden.  Figure  6  presents  a  plot  of  these 

results  as  a  function  of  longitude.  Points  are  shown  for  all  Stations, 

but  the  lines  connect  only  those  points  thought  to  be  firmly  within  the 

latitude  range  of  the  prevailing  westerlies.  The  results  based  on 
•  • 

Nordenstrom's  calibration  equations  support  the  hypothesis  cited  above 
rather  well.  On  the  other  hand,  the  Ochi  calibrations  Indicate  that 
growing  seas  are  extremely  rare  throughout  the  North  Atlantic. 

Turning  now  to  the  question  of  methodology,  the  present  author  feels 
that  the  polar  integration  approach  used  by  Ochi  to  derive  confidence 
domains  is  superior  to  the  simple  procedure  of  dividing  the  Joint  prob¬ 
ability  density  function  of  wave  height  and  period  which  was  employed  for 
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deriving  wave  cmtours.  fly  integrating  radially  outward  from  the  centroid 
of  the  wave  helgut-wave  period  distribution,  the  confidence  domain  method¬ 
ology  accounts  for  conditions  which  are  excluded  by  a  nominally  equivalent 
wave  contour.  The  conditions  in  question  are  those  which  lie  beneath  the 
plane  used  to  divide  the  density  function  yet  are  within  the  boundaries 
of  the  resulting  contour.  The  end  effect  is  that  the  confidence  domain 
bounds  a  given  percentage  of  the  wave  environment  within  a  smaller  area 
than  does  a  wave  contour  applicable  to  the  same  conditions.  Minimization 
of  the  bounding  area  is,  of  course,  intuitively  appealing;  and  no 
just  if icat ion  exists  for  excepting  this  particular  class  of  conditions  in 
defining  a  wave  contour. 

it  is  to  be  hoped  that  the  pending  publication  of  a  hlndcast  wave 
climatology,  as  outlined  by  S.  Bales  and  Cummins  in  Reference  12,  will 
put  the  issue  of  "calibrations"  to  rest  once  and  for  all.  The  same 
data  base  should  admit  rigourous  testing  of  the  log-normal  and  other 
hypotheses  as  to  the  long-term,  statistical  behavior  of  ocean  waves.  In 
the  Interim,  though,  we  require  some  method  to  bound  the  wave  environment. 

The  present  author  is  inclined  to  continue  employing  visually  observed 
wave  data  ftom  llogben  and  l.umh,  and  to  continue  using  Nordenst rom* s 
calibration  equations.  As  to  methodology,  the  present  author  would  like 
to  use  a  procedure  comparable  to  Ochl's  but  without  the  log-normal  hypothe- 

•  I 

sis.  This  approach  embodies  a  contradiction  in  that  the  Nordemstrom 
calibrations  are  based  on  the  log-normal  hypothesis.  Two  circumstances 
mitigate  this  contradiction.  Firstly,  the  log-normal  hypothesis  has  not 
been  tested  for  the  Hogben  and  Lumb  data;  and  the  known  weaknesses  of 
these  data  would  leave  the  results  of  such  tests  open  to  criticism  on  the 
grounds  of  poor  realism.  Secondly,  the  results  obtained  above  in  the 
context  of  the  effects  of  the  prevailing  westerlies  lend  credence  to  the 
N'ordenstrom  calibrations  independent  of  the  assumptions  which  underlie 
their  derivations. 

An  implementation  of  the  approach  Just  discussed  is  described  in  the 
following  section  of  this  report. 
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REVISED  METHODOLOGY 

As  Indicated  In  the  preceding  section,  the  Intent  of  the  present 
effort  is  to  develop  an  approach  to  bounding  the  wave  environment  which 

H 

employs  the  Hogben  and  Lumb  data  base,  the  Nordenstrom  calibrations,  and 
a  methodology  which  is  similar  to  that  used  by  Ochi  to  define  confidence 
domains  but  differs  from  Ochi’s  methodology  in  that  it  does  not  require 
the  log-normal  hypothesis.  The  initial  attempt  made  was  to  perform 
purely  numerical,  polar  integrations  over  the  Hogben  and  Lumb  data.  This 
failed.  So  did  similar  attempts  based  on  the  Walden  and  on  the  Draper 
and  Squire  data.  The  difficulty  arose  from  the  fact  that  the  height-period 
grids  associated  with  these  data  bases  are,  especially  for  low  values  of 
the  parameters,  too  coarse  to  support  the  rather  complex  numerical  pro¬ 
cedures  required.  As  Ochi  performed  these  Integrations,  the  entire  grid 
of  observed  frequencies  was  first  reduced  to  the  five  parameters  charac- 
terliing  the  bivariate,  log-normal  distribution.  Then  the  details  of 
the  coordinate  transformation  and  Integration  were  accommodated  by  the 
known  form  of  the  distribution  function. 

It  is  possible  that  an  extensive,  computer-aided  effort  including 
some  data  fairing  could  have  resolved  the  difficulties  associated  with 
direct  polar  Integration  of  observed  wave  data.  However,  such  an  effort 
could  not  be  undertaken  within  the  scope  of  this  work.  Fortunately,  a 
viable  alternative  was  suggested  by  Mr.  E.  N.  Comstock  of  the  Naval  Sea 
Systems  Command.  It  was  to  supplement  the  present  wave  contour  definition 
by  postulating  a  vertical  cylinder  having  the  cross  section  of  the  existing 
contour.  Then  the  contour  would  be  said  to  encompass  the  ,  -ircentage  of 
wave  conditions  within  the  cylinder  rather  than  Just  those  above  the  plane 
defining  the  contour  as  in  the  original  definition. 

This  alternative  not  only  accounts  for  the  objections  to  the  original 
wave  contour  methodology  which  were  cited  in  the  preceding  section,  but 
affords  a  considerable  simplification  in  contour  definition.  As  detailed 
by  Che  present  author  in  Reference  4,  wave  contour  definition  requires  an 
initial  data  transformation  to  allow  working  with  the  Joint  probability 


density  function.  The  subsequent  integration  requires  the  inverse  of 
the  original  transformation.  Under  the  cylinder  approach,  these  trans¬ 
formations  can  be  omitted.  The  intersecting  plane  can  be  defined  directly 
in  terms  of  the  Joint  probability  of  occurrence  of  wave  height  and  wave 
period,  and  the  probability  of  occurrence  of  wave  height  and  wave  period 
combinations  within  the  cylinder  thus  defined  can  be  obtained  by  a  direct 
sunsnat  ion. 

Tills  simplification  has  an  intuitively  appealing  spin-off  effect. 

The  boundary  of  the  contour  as  well  as  the  region  which  it  encompasses 
now  has  physical  significance.  Under  the  original  wave  contour  definition, 
the  boundary  of  the  wave  contour  represented  a  constant  value  of  the  Joint 
probability  density  function  of  wave  height  and  wave  period;  and  this 
quantity  has  no  physical  significance.  Using  the  cylinder  definition, 
though,  the  boundary  of  the  wave  contour  represents  the  Joint  probability 
of  occurrence  of  the  wave  height  and  wave  period  combinations  lying  along 
it.  Tills  quantity  gives  us  an  indication  of  the  rarity  of  the  extreme 
wave  conditions  associated  with  a  given  contour. 

Figure  7  compares  wave  contours  derived  from  the  original  and  from 
the  cylinder  definition.  The  Joint  probability  level  used  to  define 
the  cylinder  version  of  the  contour  is  supplied.  It  can  be  seen  that  the 
cylinder  definition  results  in  a  significant  reduction  in  the  area  enclosed 
by  the  contour. 

A  family  of  wave  contours  for  winter,  northern  North  Atlantic 
operation  is  presented  in  Figure  8.  A  similar  family  for  world-wide,  all- 
season  operation  is  presented  in  Figure  9.  These  contours  were  derived 

M 

from  the  Hogben  and  Lumb  data  using  the  Nordenstrom  calibrations  and  the 
cylinder  definition  described  above.  The  world-wide,  all-season  contours 
in  Figure  9  use  all  of  the  data  presented  by  Hogben  and  Lumb.  The 
Figure  8  contours  for  the  northern  North  Atlantic  in  winter  use  the  Hogben 
and  Lumb  data  for  Areas  1  through  4  and  6  through  11  for  the  months  of 
December,  January,  and  February.  The  present  author  will  employ  the 
families  of  wave  contours  given  in  Figures  8  and  9  for  ongoing  efforts 
requiring  the  use  of  wave  environment  bounds.  Revisions  will  be  considered 
when  hlndcast  climatology  data  (Reference  12)  becomes  available. 
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Figure  1  -  Comparison  of  a  Wave  Contour  and  a  Nominal ly-Equi valent 
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Figure  9  -  A  Family  of  Cylinder-Def inlclon  Wave  Contours  for  World-Wide 

All-Season  Operation 


DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

1  DTNSRDC  REPORTS.  A  FORMAL  SERIES.  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
NICAL  VALUE  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT 

2  DEPARTMENTAL  REPORTS.  A  SEMIFORMAL  SERIES.  CONTAIN  INFORMATION  OF  A  PRELIM 
INARY.  TEMPORARY.  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION 

3  TECHNICAL  MEMORANDA.  AN  INFORMAL  SERIES.  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  ANO  INTEREST  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN 
TERNAL  USE  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE  BY  CASE 
BASIS 


